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SUBJECT: Telephone Conversation with Chrysler
FROM: John A. Garbak, Environmental Enginee _
Fuels Section ' ’ '

THROUGH: James W. Caldwell, Chie Cu.a0
Fuels Section \}2/4 t-9

Steven E. Hoover, Acting Branch Chief _ 794/29
Field Operations and Compliance Polic rench
Mary T. Smith, Director W a]@qﬁo
Field Operations and Support Divisi

TO: Docket No. A-90-16

On August 3, 1990 I had a telephone conversation with
Mike Brady and Frank Krich of Chrysler Corporation. The call was
to obtain further information from Chrysler regarding their
theory as to why the catalysts efficiencies were better for
vehicles operated with MMT than for the vehicles operated without
the MMT.

Chrysler stated that without the MMT in the fuel any poisons
in the fuel such as lead or phosphorus will block sites in the
catalyst and make the catalyst less active. With the MMT in the
fuel Mn oxide acts as a scavenger and picks up the poisons such
as lead and phosphorus. (SAE paper 821193 discusses this and is
attached.) This activity will make the catalyst more efficient
since the lead and phosphorus won't block the sites. The
phosphorus comes from the o0il and lead, even at the low levels in
unleaded, has some effect.

Attachment
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’ Effects of Fuel Additive MMT
on Contaminant Retention
and Catalyst Performance
W. B. Wiillamson and H. S. Gandhi 7 E. E. Weaver
Enginesring and Reaeerch Staft Automotive Emiasions and Fuel Economy Office
Ford Mator Co. Ford Motor Co.

ABSTRACT

Post-mortem analyses of 50,000 mi (80,000
km) vehicla-aged catalyscs ravealad that the
usa of 0,125g Mn/gal (33 mg/L) as MMI' (methyl-
¢yclopentadienyl wanganese tricarbonyl) aig-
nificantly reduces phoaphorus and zinc reten-
tion levels at the catalyst inleta by ~20-
fold and V5-fold, respectively, In subsequant
laboratory pulsator experiments the presence
of 0.016 to 0.157g Mn (as MMT)/gal (4 to 41
wg/L) ievoctane fuel containing a 1l0=fold
axcess of ZDP (zinc dislkyldithiophosphate,
source of oil P and 2n) similarly reduced the
retention of P and 2Zn on TWCs by proportional
amounts, while the TWCs maintained signifi-
cantly higher 3-way conversions than in the
abgence of ML, The combuation of Mn from
MMT to very stable Ma30, probably serves as
a scavenger in the exhaust for transporting
away fuel- and oil~derived catalyst poisons
guch as P, 2n, and Pb, The utility of the
laboratory results will require verification
in vehicle studies, ‘

WITH THE SIGNIFICANT REDUCTION in phosphorus
(P) lavels in fual, poisoning of automotive
catalysts by P is primarily arcributed to ZDP
(zinc dialkyldithiophosphate) as raported in.
Ganaral Motors studies on underbody pelleted
catalysts (1,2,3)" and 1in Ford studies on low=
temperatute applications of monolithic cata-
lyets (4,5). The formation of small amounts
of amorphous zinc phosphates causes severe
deactivation at lower operating tamperatures
by blanketing the catalyst surface (4).
Numerous Japanese patents have atteuptad to
minimize the formation of glasay zinc

phosphates by altering catalyst formulations
(56) or by adding a gatter device in tha engine

oll recirculating system to reduce levaels of
ZDP products (7).

Chemical effects of depoaita from MMT
(methyleyelopentadianyl manganese tricarbonyl),
a proposed octane improver, on automotive
catalysts have not been found detrimental to
catalyst activity. Engine testing of firsc-
generation noble-metal oxidation catalysts
(C0Cr) yielded no evidence of chemical polsong
ing by MMT (8,9) at levels <0.125g Mn/gal (33
mg/L), but physical plugging of catalysts did
occur under some couditions. Laboratory aim~
ulation of automotive exhaust using pulse-
flame combustors burning MMI-containing fuel
(0.125g Ma/gal) did not show any chemical
poisoning of later generation threa-way cata-
lyats (TWCz) bayond that caused by the same
fuels without MMT (10). )

A cooperative experimental program by the
Coordinating Research Council (CRC), involving
representatives of tha automotive and patroleum
industries ae wall as the EPA and California
Alr Regsources Board (CABB), undertook a compre-
heansive vehicle taesting program (63 cars
accumulating ovar 3 millfon milaa) to datermine
effecta of MMY on emiseion control systems in
1977-78 California Vehicles (11), The principal
conclusion of this study verified that the use
of 1/32 and 1/16 g Mn/gal (8.3 and 16.5 mg/L)
increased both engine-out and tailpipe HC
enissions when compared to clear fuel. Howvever,
catalytic converter efficiencies for HC 'wera - '
found 2«3% higher with MMT fuel¢ than with clear
fuels after 50,000 mi (80,000 km). Also, MMT
did not adversaly affect convertar afficiencies .
for CO with COCs or TWCs, or NOx efficiencies .
with TWCs (11,12,13).

The present studias provide s possible
alternative solution in the event that catalyst

deactivation by oil~derived products from ZDP
becomes a problem, as in casas when excessive

*Numbers in parentheses designate referencaes
at and of paper.

0148-7181/82/1016-1193$02.60
Copyright 1962 Saciety of Automative Engineers, ine.
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¥ aratures ciuaes catalyst deactivation,

e uvae of Mn (MMT), ot perhaps an alkalina
earth oxide, could preveat the glasay gzinc
phosphate formation if it can be introduced

in @oluble foru as a component in the oil
additive package or in the fual. The amount of
such a P scavangar would need to be minimizad to
prevent its excessive accumulation on the cata-
lyet, which could also cause maes transfer
limitations or, in au extreme case, severe
plugging of catalysts. Accumulation of .the
scavenger in the combustion chambaer in the

form of deposits can also f{acreasa engine HC
emigsions.

EXPERIMENTAL

CATALYST FOBMULATIONS - Laboratory eval-
uations were conducted using & commereial
Engalhard TWC formulation, M-268D., having a Pt
Rh ratio of 11:l, & precious metal loading of
0.185 wt % Pt + Rh, and proprietary baseemetal
oxide promotars, Catalysts were prepared on
Corning EX=20 monolithic supports having a cell
deasity of 49 square cells/cm? (300 celle/1n2)
with 300 um wall thicknesa. Catalyst buttons
1.9 cm dia, x 1.3 ¢m long were used in the
laboratory studies. Full-sized, race-track
shaped ctoss—seetion substrates having volumes
of 1560 cu” were employed in the vehicle
evaluations,

LABORATORY STUDIES ~ Catalyast samples were
aged on a pulae~flama reactor {14), The taech-
nique for pulsator dyrability aad testing of
TWCs with air/fuel (A/F) modulation was deseribed
previously (15). The pulsator feedgas composi-
tion during aging was 0,05% NO, 1.5% CO, 0.2%

HC (measured as C1)s and 1,0X% 07 (volume %).
During aging the catalysts weara cycled at
teamperaturas of 3409, 515°, and 7309C for 17,
77, and 6% of the time, respectively, In the
laboratory catalyst aging procaedure, the
simulated mileages are based on a 30 mph (48
koph) [or 5000 mi (8040 kum)/week] steady-state
vehicla operation at a nominal 40,000 h™ apace
velocity,

The simulated fuels for pulsator aging
utilized isooctane doped with 1.70g zDP (0.l44g
P)/gal (449ug ZDP/L) as & source of P. The ZDP
doped fuyel contained V10-fold higher P input
than what is considerad a normal oil.consumption
of 1 quart 011/2000 miles (1L 011/3400 km). MMT
was then added at levels of 0,157 and‘0.0l6g Mn/
gal (41 and 4 mg/L) to the 2DP~containiang iso-
octane fuel. For the combustion of the non~
volatile ZDP, the pulsator combustion was modi~-

fied with the use of a nebulizer to inject the
LDP~containing igooctane directly into the hot

?ortion of the pulsator furnace for combustion
>€ the fuel. It should ba noted that in the
vahicle tests described in the next section, MMT
448 present in the fyel while P and Zn daposits
7ere derived from the ZDP antivear additive
Prasent in tha oil. 1In pulsator experiments,

Wwovirvoy
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both MMT and ZDP wers additives to the igo-~
octane fuel that was combustaed in the pulaator,
Following the pulsator aging, tha catalytic
steady-state iccivity was measured at 5500¢
and 60,000 h™" space velocity in-a separate
flow reactor system. A schematic diagram of
the apparatus and eynthetic gas mixtyre used
was described previoualy (15). Propylene and
propane, repregenting fagt-burning and slow-
burning hydrocarbons, respectively, were used
in a ratio of CyHg/Cqallg » 2, The sctivity and
threesway selactivity of the catalysts are
reported as a percent convarsion of NO, €O and
HC as a function of the radox ratio, R, of the
reacting gas mixture, (The radox ratio is 8
ratio of the reducing to oxidizing components
in the gas mixture and is determined as follows:

co + Hz + snanZn + (3&+1)Cn52n+

2
NO + 20 )

R=
2

Thus, R = 1 corresponds to a stoichiometric gas
mixture, while R > 1 yepresents an overall
reducing gas mixtura,)

RESULTS AND DISCUSSION

VERICLE AND ENGINE DYNAMOMETER EVALUATIONS -
Post-mortem analyses of TWCs from a Pord fleet
revealed that vehicles operated on fuel cone
taining 0.125g Mn (MMT)/gal (33 mg/L) retained
substantially less P and 2n contaminants on the
catalyst after 50,000 mi (80,000 km) than
vehicles operated on fuels without MMT in the
fusl, The 14 vehicle fleat was initiated by
Ford in 1978 at Southwest Resaarch Institute
in San Antonio, TX, for the purpose of testing
a gynthetic o1l as a candidate for an extended
oil drain interval (16), The flaat was driven
50,000 mi using an accelerated customer deiving
schedula (Table 1) which accumulated 1000 mi/
veek (1600 ka) and was representative of 3%
highway, 62X auburban, and 6% city driving.
Analysis of the fresh oil indicated additive
metal concentrations of 1441 ppm P, 1613 pPrR
Zn, 1871 ppm Ca, and 8 ppm Mg. 041l and fual
consumption results of four 5,0L Cranadas
ficted only with Engelhard M-268D TWCs ara
gshown in Table 2, .

Table 1 - Southwest Research Institute Accel-
erated Customer Driving Cycle

& Tine

R 7HIN m-_"&f\ﬁ-n HEr R v
Suburban 0=43 30.0 105 L)
Rest (Engine 0f¢) 0 ] 13 °
fuburtan O=e3 26.0 20 8
Ciey 0=30 12.0 10 oﬂ
Highway 43-60 48.0 A0 kY|
Toeal 28.6 214 :0:
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Taﬁie 2 - Effect of MMT on Contaminant Retention
on Catalyste® from Extended 0il Drain

Fleet
$.0L Graaada Puel QLL_Egsg Contominant wt X
Q] Genl’ (e L & B
436 - 16.5 5120 0.92 0.17 0.6)
037 - 16.3 2310 1.4 0.3 o0.02
832 . 0,125 14.9 1830 0.07 0.07 1.00

#33 0.125 14,1 2080 0.06 0.07 0.68

———— e -

®gngolhard TCar Pe/RN o 11 8 40 g/tc] loading

50,000 mi avg.

X-ray fluorescence (XRF) contaminant
analysis of the four underbody TWCa from the
5.0L Granadas are also shown in Table 2 after
50,000 mi. While P ratention on TWCs from
vehicles #36 and 37 was 0,92 and 1.48 wt ¥ at
the inlet, respectively, the retantion on TWC
inlets from vehicles oparatad using MMT fusl
was only 0.06-0.07 wt ¥ P and V1% Mn (not
sufficiant to increase back pressure). Thisg
represents V15-25 fold legs P ratantfon im
the presence of 0.125g Mn/gal fuel. Similarly,
the retention of Zn on vahicles 36 and 37 de-
creagsed from 0.17 and 0.34 wt ¥, respactivaly,
to 0,07 wt ¥ at the catalyst inlat when MMT
was present in the fuel., On tha inlet face
of TWC #52 the retention of lead (Pb) wag 0,10
wt %, which wes substantially lowar than tha
othar 3 catalysts (0.5 wt Z)., Sinca the inlet
BET surfaca area of 2 w?/g was wuch lowar than
the othars (8~13 m /g), this TWC may hava
operated at a substantially highar taemperature
which could regult in lowar Pb ratantion,

The beneficial affecta of MMT on raducing
the contaminant tretantion of P, Zn, and Pb on
monolithic catalysts is fucther demonscrated in
Table 3 by XRP analysas conducted by Ford Motor
Company on vehiclewaged Pt-Pd COCs from three
independently operated tast programs. Theae
results include COC3 from two 351 CID 1975 Ford
Torinos (vehicles 1 and 2) which wara aged
50,000 mi at Gulf R&D uging 91 RON Gulf umleadad
gasolina containing <0.005g Pb/gal (1.3 mg/L)
and <2 ppm P, with and without 0.125g Mn/gal,
Tagt oll was Gulf SE Quality 10W/40 containing
Q.14 wt 3 P (17). Two 400 CID 1975 Foxds
(vahielas 3 and 4) were operated by Ethyl Corp.
on an EPA-type 50,000 mi durebility xoute (18).
Iwo 331 CID 1970 Marcury Station Wagone
(vehiclas 5 and 6) operated by Clark 0il Company
accumulated 35,000 and 40,000 mi (56,000 and
646,000 km), respectively, using Clark unleaded
pramium fuel containing ~0.08g Mn/gal (22 mg/L).

EPA ANN ARBUK
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Table 3 - Contaminant Analysis of
Vehicle-Aged COCs

Ford Vahicle fuol MMT -
Yo D

Contaminant we I

sisel, B p 0 B i

1) 1973351° o0.123 2.20 0.5 0.06 0.36 0.43

3) " i ] 0.1s 2,24 €.25 0.,9) 2.a2

3 1975-400° 9,125 0,97 0.18 x  1.00 0.09 (LHS

1.57 0.19 ¥ 0.9%5 0,10 (RHS

4) " Q 0.03 1,37 3.23 0,06 . (LKS'

0.03 1.%7 « 2.93 0.08 (RHS'

3) 1976-351° 0.084 0.61 0.06 0.03 0.63 0.01 (LKS

0.65 0.07 0,03 0.35 0.0l (RuS

6) " 0,084 0.9% 0.10 0.06 0.27 0.01 (LHS:

1.01 0,09 0.06 0,25 0.00 (RHS’

“Gulf R&D aged 50,000 mi
-

Ethyl Cocp. aged 50,000 mi

“Clark 041 Corp. azed for 5) 35,060 and 6) 40,000 mi

Components in the catalyst formulation
were present in similar amounts on the aged
catalyats (e.g., ~0.28 wc % Pr, 0,14 wr % P4,
and 1.3% Ce), but contaminant retantion of Pb,
P, and Zn was markedly less on the C0Cs aged
wich fuel containing MMT compared to the un-
leaded fuels without Mn prasent., For example,
contaminant retention (in wt %) on the 00Cs
from the Gulf test after SO0K mi on unleaded
fuel averaged 2.24% P + 0.25% Zn + 0.93% Pb,
but only 0.56X P + 0.04Z Zn 4+ 0.56% Pb when
tha fuel also contained 0.125g Mn/gal. Alse,
comparably aged catalysts showing higher Mn
deposits retained correspondingly less Pb,
e¢.g,, vehicle 5) veraus 6),

The avarage Pb retention of 3% on catalyst
4) appears excassive (gradient of 5.2 to 1.8%
from inlat to outlet) in view of today's avarage
lavals of <0,006g Pb/gal in unleadad fual,
Hovaver, the maximum allowablae Pb lavelg in
unleaded fual is 0.05g Pb/gal (19). Assuming
a consumption of 0,05g Pb/gal for 50,000 mi at
12 mpg, 4n 1973 for example, would raesult in
4210 g Pb input to the engina. In this case
with 3 wt % Pb retainad by 2500g of catalyst

(1.6., V758 Pb total on two catalysta), this
corresponds to “36% Pb retention by the catalyst

a typical value, By comparison tha 1l wt-% Pb
retained on cetalyst 3) is significantly
lovared with the use of MMT and would corre-
spond to only V122 retentifon of Pb input by
tha catalyst.
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Tabla 4 - Effect of MMT on CVS Efficiencies
(2.3L Slava Vehicle) and Contaminant
Retention of 50,000 mi Vehicle-Aged
TWCa® .

Durabtidty Fuel T CVSCH ¥ onv.®  Contaminang v 3¢
wele | il A @ e, B 2 m

2p 0.)23 80 65 39 24 .03 1.10
1P 0 82 n 43 N3 .29 07

- —————_ . s

]

“2ngolhard 80 4’ ™E:  Pe/mn = M1 @ 4og/ge)

B3000 '1b Fords, 400 ¢1p

Sav. 3 costs/cacalyat on 2.3L slave vohiela with faedback carbupator

‘Avg. of inlot, middla, and outlet pocclens

A corralation of catalyst performance
with contaminant ratention 1s shown in Table &
for TWCs vahicle-aged for 50,000 mi durabiliry
in a 1979 Ford fleet test (20), Catalyst
durabilitias for 50K vehicle mi ware complated
on 5000 lb vehicles having 400 CID engines with
feadback carburetors. Results ara shown for -
80 403 TWC volumes pared down from original
93 1n3 TWCe in order to directly compare with
othar amigaion aystemn. Tha CVS~CH efficiencies
of the TWCa were then obtainad using a 2.3L
slava vehicle with a feedback carburetor.
Vehicle 2P used fuel conteining 0.125g Mn
(from MMT)/gal and retained 1.10 we § My
afcer 50,000 wi, but retained only 0.05 wt %
P comparad to 0.29 wt X P for TWC 1P, TWC 2P
algo retained lese Pb than TWC 1P. Tha lower
contaminant retention levals of Pb and P sacm
to corralate with better CVS-CH efficiencias,

LABORATORY EVALUATIONS - In subsequent
laboratory experimeats, a TWC was pulaator
durability tested for 15K simulated miles
(Tabla 3) using iscoctane containing 0,625g
MMI (0.157g Mn)/gal and 1.7g ZDP (0.1l44g P)/
gal (considerad n10-fold highar than normal
01l consumption lavals). The atabiligad
converslong of 72% NO, 76% CO, and 78% HC
(500°C, R=1.15) indicate substantially improved
activity whan compared to 34% N0, 543 CO, and
41% BC conversions (Table 5) observed ovar the
same catalyst aged at the game 2DP levels, byt
without MMT present in the fual. Steady-stata
catalyst activities following L5K simulatad
miles (Fig, 1) slso indicata improved catalyst

detivity during lean conditions and at peal 3—
way convarsiong, and improved NO and CO con-
varslons during rich conditfons for the catalyst
aged with tha MMI-containing fuel. Tha addition
of MMT at 0.0l6g Mn/gal algo improved substan-
tially the NO and HC pulsator couveraions with
intermadiate levels of contaminant retention.
Steady-state conversions were nearly identical
to that of the 0.157g Mn/gal aging.
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Table 5 - Effect of MMT on TWCs® Pulsator-Aged
in the Presence of Excess 011 Phoa-
phorus (ZDP)b

'

Puol Hfr Contani L 3 [¥ <
DAD% W onvargtinn
a/ral T oom L"&*ﬁL‘E
rd
a) (] 1.48 0, .- i3 % o
b)  0.016 0.91 0,19 0.0} 64 5y
) 2.197 0.08 0.2 0.10 ] LE BT

%eagolhard Tveo: Pe/mh v 11 @ 40a/tt} tasding

» .
Catalyae agingi v15.000 siculared miles (znan) using 10onctana
eattsdalng 1.7g ZHP {D.144¢g P)/gal wier the indicoeed pn concoatratton

e
Activity noasurczenca; 500°C (937°P); noinai

-l
36,900 h .
pulsacer eodulseien of + 1 A/F, 0.5 Hz $ece valoctey;

The light-off activity (% convarsian as
& funttion of temperature) of the aged TWC
wag improved whan aged even in the presence
of 0.016g Mn/gal (Fig. 2). The temperatura
for 80% HC convarsion was "“455°C whan the TWC
was agad with ZDP doped fual (Flg. 2a), but
only A420°C when the ZDP doped fuel also con-
tained 0.016g Mn/gal. Conversion temperaturas
for NO and €O were correspondingly lowared by
A50°C for aging with MMI-containing fual.

XRF analyses indicated 1.66 wt 2 p and
0,14 we % Zn ratention levels for ctha catalyst
éxposed to ZDP doped fuel (Table 5). When
0.157g Mn/gal was added to tha ZDP doped fual,
tha catalyse retainad only 0.06 wet ¥ P (n25-
fold laegs) and 0,02 wt % 2n (A7-fold lassg)
while retaining 0.10 wt % Mn. IR analysig of
fuel combustion products indicated the presenca
of an aeidic phosphate identified a6 ZnHyP 0,
by ERD. Mn products ware present but not
identifiabla,

CONCLUDING REMARKS

Tha "catalyst enhancement" phenomena
(12,21) which resulted in the 2-3% HC improve-~
ment in catalyst efffeiencies in the CRC study
(11) as well ag the apparent beneficial effscts
obseryed in this study can perhaps be attributed
to the scavenging affect of MM combustion
products (22). Manganese in MMI 15 convercad
during combuation ta Mn30, (8,10), a very stable
end product whogse interaction with catalyst
components would be minimal, Since Mn was not
found chemically associated with P to any
significant extent in che combustion products,
it 19 mose likely thac Mn40, probably servas
as an adsorption site for gaseous contaminants
present in the combustion such as Pb halides

" and Zn phosphatas, The fluffy MMI combustion

¥ v/ 90y




P.8

(A) 170¢ Z0PAgal.

(8) 1.70g ZDP +0.157gtn/gal.

o6l

ot |
o §V.=80,000 #"
Qb AS 4 140 CoNY. Yo 55%9’%

CONYERSION, (S5)

160 y‘;f‘"

40

4]
0 1 1. | i I | 0
68 10 12 14 16 18 20 08
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Fig, 1 - Effaect of MMT on the staady-state NO, CO, and HC sctivities of M-268D TWCe pulsator aged
500 h (~15,000 mi) using iscoctana containing (A) 1.70g ZDP/gal; (B) 1. 70g ZDP + 0,157 g

M/ gal

products hava a lowar dengity and higher surface
area which would be advanrageous for transport-
ing away contaminants such as Pb, P, and Zn.
This mechanism would be effective as long as
catalyst ratantion of Mn0, 18 not ao axcessive
aa to regult in mags ¢transfer limitations om
the catalyst. ,

The vehicle data presented using 0.125g
Mn/gal indicates retention levels of 1-2% Mn
on the catalyst while reducing the levels of
P, 2n, and Pb contaminantz. Use of 0.125g
Mn/gal for 50,000 mi &t 12 mpg (1975 aatimate)
would zesult in V520g Mn input. Tha retentionm
of 2 we 2 M3 on a 1100g mwonolithic caralyat
rapragents 228 or only 4% of tha input Ma
retained by the catalyst comparad to V358 Pb
gretention in the -absence of MMI. This low
retention of Mn 18 indicaetive of fmart products
which are only phyaically deposited and not

chemically bound to the catelyst suefaca,
The beneficial effecto of lowaer centamlaant

retention with improvad catelyst performance:
wara avident in ‘this laboratory stud through~
out the range of 0. 016 to 0.157g Ma/gal, How-
evar, gsinca the use of MM st tha highar lavels
(s.g., >0.03 Mn/gal) resulte in increasad HC
vehiclae foedgas levals, adverse englae depoaiea,
and potential catalyat plugging, the optimum

Mn levels would be thosa whaye the scavenging

o>

for Pb, P and Zn occur with minimal formation
and ratention of excess Mnq0, deposits. The
uge of Mn at even the low level of 0.0lég
Mn/gal as demonstrated in these laboratory
studias may lower the retention of contaminants
and. thereby retain better catslyst pexfermence
in vehicle usage., Lowetr levels of Mn would
alao decrease the well documented poseible
affects of Mn40, deposits which may plug
catalysts and oxygen senaocrg, as wall as
increase combustion chamber deposits giving
risa to higher HC feecdgas levels.

The present laboratory data indicata
improved catalyst efficiencey due to decraased
polisoning by P, Pb, and Zn when uveing MMT
even at levels as low as 0,016g Ma/gal,
Ultimately, however, the practicality of
these opportunities for using Mn a8 an octane
improver, as well as & scavanger of catalyst
poisons when neceasery, will raquive yerifi-
cation by vehicle testing.
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(A) 1.70g ZDP/gal. (B) 1.70g 20P+ 0.016g Mn /gal.
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Fig. ‘2 - Effecc of MMT on the light-off activities of M~268D TWCa pulsator sged 500h (15,000 mi)
« e using isooctane containing (A) 1.708 2DP/gal; (B) 1.70g 2DP + 0.016g Mn/gal.
REFERENCES
1, J. A, Spearot and F. Caracciolo, "Engine 7. Toyo Kogye Co., Ltd., “Prevention of
011 Phosphorus Effects on Catalytic Con~ Poisoning of Exhaust Gas Catalyst,"
i varter Performance in Federal Durability Jpn. Kokai Tokkye Koho 80,151,109 (1980).
~ and Righ-Speed Vehicle Tests, SAE Paper 8. J. E. Faggan, J. D. Ballie, E. A, Desmond,
- 770637, 1977. and D. L. Lenane, "An Evaluation of
2. F. Caracciolo sud J. A. Spearot, "Engine Mangsnese gs an Antiknoek in Unleaded
011 Additive Effacts on the Deterioration Gasolina,' SAE Paper 750925, 1975.
of a Stoichiometric Emissions Control $. J. B, Moran, "Eavironmental Implications
(C-4) System,” SAE Paper 790941, 1979. : of Mn ag an Alternate Antiknock," SAE
3. D. R. Moarce, "Phogphorus and Lead Poison- Paper 750926, 1975.
ing of Pelletad Three«Way Catalysts," 10. K. Ottoe ana R, J. Sulak, "Effects of M
~-..  SAE Paper 800859, 1980. Deposits from MMT on Automotive Catalysts
4, H. 8, Gandhi, W, 8, Williamson, and J, L. in the Absence gnd Presence of Other
Bomback, 'Desctivation of Thyee-Way and Fuel Additives," Enviren, Sci, Technol,
Oxidation Catalyst Dual-Bed Emission 1978, 12, 181,
; Contyrol Systems: Catalyst Post-Mortem 11, J. D, Benson, R, J. Campion, and L. J,
K Analyses from Methanol-Fueled Vehicles," Paintar, "Resultg of tha Coordinating
. Appl, Cacal. 19682, 3, 79. . Research Council MMT Field Teet Program,'
5. WM. B. Williamson, J, Perry, H. S. Gandhi, ¢ SAE Paper 790706, 1979.
i aud J. L. Bomback, “Effects of 0il Phosphor- | 12, J. S. Wallace and R. J. Garbe, "Effects
¢ . _us on Deactivation of Monolithic Three-Way : of MMT on Exhaust Emfesions," Automotive
¥ Catslysts," submitted for publication. Engineering, June 1979, p. 62 (SAE -~

ci JP0. Kokai Tokkyo Koho (a) 80,079,046;

(b)'30.139,841, (e) 80,149,648 (1980).

Toye Kogyo Co,, Ltd,, "Exhaust Gas Purging
.., Satalyse Without Phosphorus Poisoning,"

Paper 790707).




13

144

15.

l6l
17'
18,

19.
20.

21.

22.

D. L. Lenane, Discusgion of "Combustion
Study of the Deactivation of Three-Way
Catalyste by Manganesa (MMT) and Lead (TEL),"
by J, W. Duncan and J, N, Braddock - SAE
Papay 820277, 1982 SAE Congress, Detroit,
February 1982,

K. Otto, R. A. Dallsa Betta, and H. C. Yaa,
"Laboratory Method for the Simulation of
Automobile Exhaust and Studies of Catalyst
Poigoning," APCA J, 1974, 24, 596.

R, S, Gandhi, A. G, Piken, M. Shelef,

R. G. Delosh, "Laboratory Evaluation of
Three~Way Catalysts," SAE Transactione
1976, 85(2), 901, SAE Paper 760201,

G. Chui (Ford Motor Company), private

‘communication, January 1981,

J. F. Wagner (Gulf R§D), private communi-
cation, March 1977.
D. L. Lenane (Ethyl Corp.), private

‘comuunication, July 1976.

Federal Register 40, 27590 (June 30, 1973).
E. P. Holiday, M. C. Parkineon, and

C. E, Totgzke, ""1979 TWC Durability Fleet
Final Report," (Ford Advanced Engine
Engineering Office),

G. A. Hughmark and B, A. Sobel, "A
Statistical Analysis of the Effect of MMT
Concentration on Hydrocarbon Ewissione,"
SAE Paper 800393, 1980.

E. E, Weaver, in "Tranacript of Procaedings
Before the EPA," June 28, 1978, 2, 110,
Waghington, D.C.




